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Field equations
TSZ‘Z':‘;,":;::: @ Stokes flow:
Algorithm V.o i og = 0 (1)
® Incompressibility:
Inversion V-v=0 (2)
©® Constitutive law:
. B
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Larour et al.
Field equations
" © Stokes flow:
Algorithm V-o+pg=0 (1)
S ® Incompressibility:
Inversion V.v=0 (2)
© Constitutive law:
. B
o' =o+pl=2ué = (3)
2¢,
Boundary conditions
Ice/Air interface: Free surface o-Nn=PFPynn~0 onls
Ice/Ocean interface: water pressure o-n=Pyn on My
lce/Bedrock interface (1): lateral friction ~ (o7-n+a®v), =0 onTp
Ice/Bedrock interface (2): impenetrability v -n= —M, n, onlp
+ Dirichlet condition
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Agorith - Use extra datasets to infer unknows
e — ex: surface velocities derived from INSAR
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Model equations - Basal friction and ice hardness are difficult to measure
Inverse problem
Algoritim - Use extra datasets to infer unknows

— ex: surface velocities derived from INSAR

Initial state
Inversion

PDE-constrained optimization

Minimize cost function

1 2 2
T,a)= [ (w=v) + (v - ) dS+R(a) @)
2 Jrg
Subiject to:
V-u(Vv+VvT)—Vp+pg = 0 in Q
V.v = 0 in Q
o-n = f onlsUlw (5)
(a-n+a2V)|| = 0 . onTy
v.-n = —Mynz onl,
JPLU iSsM
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Model equations

Inverse problem Initiali
Algorithm nitialize parameter po Exit

Initial state 1 T Brent search

Inversion

Solve the forward problem

G(d,pn) =0 \(

Evaluate misfit J

Solve the adjoint problem T

Pnt1 =Pn — tinJ’ (Pn)

i

Compute gradient J’ (pn) Test step size p, —
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3 %Generate observation

4 md=model;

5 md=triangle (md, 'DomainOutline.exp',100000) ;

6 md=setmask (md, 'all',"'"');

7 md=parameterize (md, 'Square.par');

8 md=setflowequation (md, 'macayeal','all');

9 md.cluster=generic ('name',oshostname, 'np',2);

10 md=solve (md, DiagnosticSolutionEnum) ;
25 disp(’' creating flow law paramter');
26 md.materials.rheology_B=1.8x10"8xones (md.mesh.numberofvertices,1);
27 md.materials.rheology_B(find(md.mesh.x<md.mesh.y))=1.4%10"8;
28 md.materials.rheology_n=3%ones (md.mesh.numberofelements,1);
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Inverse Methods
Start from constant hardness
Larour et al.
Mol epations 16 $Modify rheology, now constant
Inverse problem 17 loadmodel ('modell.mat"');
Algorithm 18 md.materials.rheology_B(:)=1.8x10"8;
19
Iniial state 20 $results of previous run are taken as observations
Inversion 21 md.inversion.vx_obs=md.results.DiagnosticSolution.Vx;
22 md.inversion.vy_obs=md.results.DiagnosticSolution.Vy;
23 md.inversion.vel_obs=md.results.DiagnosticSolution.Vel;
24
25 md=solve (md, DiagnosticSolutionEnum) ;
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Inverse method

31
32
33
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48

%invert for rheology
loadmodel ('model2.mat"');

%Set up inversion parameters
nsteps=40;

md.
md.
md.
md.
md.
md.
md.
md.
md.
md.

inversion.
inversion.
inversion.
inversion.
inversion.
.maxiter_per_step=10xones (nsteps,1);
inversion.
inversion.
inversion.
inversion.

inversion

%Go solve!
md=solve (md, DiagnosticSolutionEnum) ;

iscontrol=1;

control_parameters={'MaterialsRheologyBbar"'};

nsteps=nsteps;

cost_functions=101lxones (nsteps,1);
cost_functions_coefficients=ones (md.mesh.numberofvertices, 1)

step_threshold=.8+ones (nsteps, 1) ;
gradient_scaling=10"7xones (nsteps, 1) ;
min_parameters=paterson (273) xones (md.mesh.numberofvertices, 1)
max_parameters=paterson (200) xones (md.mesh.numberofvertices, 1)




ISSM WORKSHOP 2011 JET PROPULSION LABORATORY

Inverse Methods Inverse methOd

Larour et al.

Model equations
Inverse problem
Algorithm

Initial state

Inversion 14000
12000
10000
8000
6000
4000

2000

JPLU IS







